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Vision and Research Directions: 
 
Highway safety is important to all. According to the Transportation Research Board of the 
National Academies, each 1% improvement in safety results in annual savings of 400 lives, 30,000 
injuries, and 2.3 billion dollars (in the US alone)! It is also recognized that collisions lead to 
congestion, thus collision prevention directly reduces traffic delays, fuel consumption and 
emissions. Pervasive computing technologies hold major promise to enhance automotive safety by 
introducing a new range of “human-centered” driver assistance systems. One of the key 
requirements in the design of an active safety system is the ability to accurately, reliably and very 
quickly identify the conditions which would lead to an accident and to induce corrective actions so 
that the accident can be prevented.  
 
In order to develop effective countermeasures for enhancing the safe operation of an automobile in 
traffic, it is helpful to examine the full context in which driving occurs. The environment, vehicle 
and driver comprise the three main components that characterize the driver-vehicle system. Overall 
awareness of these three factors in the driving scenario allows for intelligent intervention in 
mitigating a dangerous situation. An intelligent vehicle aware of its dynamic surroundings and the 
driver’s behavior would allow for a timely alert or even corrective action to avert a collision.  
Automobiles already have dozens of embedded sensors and processors. One can enhance the 
safety of an automobile by making them aware and responsive to the state and intent of the driver. 
By sensing and analyzing relevant information from both the interior and exterior of the vehicle, 
active safety systems will be able to provide more accurate predictions and allow the driver earlier 
awareness of dangerous situations. Holistic sensing of the dynamic state of the vehicle and driver 
can more accurately differentiate between intentional and unintentional maneuvers of the vehicle. 
Additionally, cooperation at different levels with surrounding vehicles could provide a more 
accurate and useful context to determine situational criticality, and provide alerts and assistance to 
drivers even earlier. Intelligent driver support (IDS) systems may provide an ideal application 
domain for addressing some of the challenging multidisciplinary research problems in pervasive 
computing. Human centric, pervasive computing environments with integrated sensing, 
processing, networking, and displays provide an appropriate framework to develop effective driver 
assistance systems. One can view such systems to be interfaces for efficient and safe driver-vehicle 
interactivity. Design of such interfaces is indeed a multidisciplinary endeavor where expertise in 
various fields, such as engineering, computer and cognitive sciences, and psychology is required. 
Systematic efforts are required to understand and characterize driver behavior, situation 
criticalities, interactivity patterns from real-world, distributed, multi-modal sensory massive 
datasets. Some of the illustrative research activities that can offer critical insights include, 
 

• Learning, classification and prediction of driver behavior, activity and intentions using 
vehicle embedded sensors. This basically requires driving “ethnography” studies which can 



utilize naturalistic driving studies such as the 100 car study or the upcoming 10,000 driver 
study supported by the National Academies.  

• Learning, modeling and classification of vehicle trajectory patterns using infrastructure 
based as well as vehicle based sensor networks. 

• Learning, modeling and classification of vehicle-human interactivity patterns using 
infrastructure based sensor networks. 

• Architectures for cooperative active safety systems utilizing vehicle to vehicle and vehicle 
to infrastructure communication channels which can support large scale real world traffic 
conditions. 
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